Thermodynamics of Ternary Alcohol -Hydrocarbon Mixtures by Nagata Isamu & 長田 勇
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Benzene-n-heptane
Carbontetrachloride-benzene
Cyclohexane-n-heptane
Cyclohexane-toluene
Fthanol-benZne
EthanOl-Cyclohexane
Ethanol-n-heptane
Ethanol-n-hexane
Ethanol-methylcyclopentane
Ethanol-toluene
n-Hexane-benzene
n-Hexane-methylcyClopentane
Isopropanol-benzene
Isopropanol-cyclohexane
Methanol-benzene
Methanol-carbontetraChloride
Methylcyclopentane-benzene
n-PrOpanol-benzene
n-Propanol-n-heptane
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whereAo,P:,W),,V':,and0fare,respectively,thefiJgacityofpureliquidiatthesystem
temperatureandP:,thevaporpresQureofpurecomponenti,thefilgacitycoefncient
ofcomponenti,thefilgacitycoefncientofpurecomponentiatthesystemtemperature
andP;andthesaturatedliqUidmolarvolumeofpureliquidi.
VjismaybecalculatedfifomthevirialeqUationofstatetruncatedafterthesecond
virialcoefncientterm[31]
」叩‘=皇量乃Bij-1nz （41）
〃j＝1
Thecompressilityfactorzisexpressedby
NN
ZEJ',乃Bij
z=1+LZua
ひ
(42）
wherez)isthemolarvolumeofvapormixtureandBjjisthesecondvirialcoefncient
whichwasobtaineduSingtheempiricalcorrelationofO'CoNNELLandPRAusNITz[321.
AsixconstanteqUationandtheAntoineeqUationwereusedtorepresentthepure
componentvaporpressuredata[31,331.Theliquidmolarvolumesatthreed撒ｼrent
temperaturesfbreachpurecomponentwerenttedtoaquadraticequationoftemperature
fbrinterpolation・Thecriticalconstantsandmolarvolumeswereobtainedfifomthe
literature[31,34].
Theresultsofdatareductionindicatesthatthetheorydescribedheregivesagood
representationoftheexperimentalexcessGibbsfifeeenergydata.Althougheqmlibrium
datafbrabinarysysteminquestiOnhavebeenoftenreportedbyseveralinvestigators,
equilibriumdatafbraternarysystemanditscomponentbinarysystemsweretaken
fifomthesameliteraturewheneverpossible・Table4showstheabsolutearithmeticmean
deviationsofpredictedvaluesfromexperimentaltotalpressureandvapormolefifac-
tionsfbrl8ternarysystemsusingtheparametersgiveninTablel・Themagnitudes
ofthedeviationsindicatethatthepredictedresultsareinexcellentagreementwiththe
experimentaldata.
2)HeatsofMixing
Totestthepresenttheoryonlyonesetofternaryexperimentalheatofmixingdata
isavailableat25｡Cfbrtheethanol--benzene-cyclohexanemixture[42]・Thevalues
●q
ofparameterandtheabsolutearithmeticmeandeviationofcalculatediromexperl-
mentalresultsfbrthreebinarysystemsareshowninTable5・Figure3illustratesthe
experimentalandcalculateddatafbrthesystems.Thecalculatedresultsareingood
agreementwiththeexperimentaldatafbrtheethanol--cyclohexane[43]andthecyclo-
hexane--benzenemixtUresFI4].However,discifepanciesbetweenthecalculatedand
observeddatabecomelargeatloWalcoholconcentrationfbrtheethanol一benzene
system[451.Fortheternarysystemthedeviationsofcalculatedfigomexperimental
databecomelargeatloweralcoholandhigherbenzeneconcentrations.Theabso-
lutearithmeticmeandeviationi.nheatsofmixingis13･8cal/molfbrl8ternary
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Taue4.Predictedresultsfbrvapor-liquidequnibriumdataofternarysystems
Arith,meandev．RefNo.of
data
points
Temp・or
press.
System
IAPI
(Torr)
IAyl
(×103）
???????????????????????????????????????
?
?
?
?
?????????
Benzene
n-Hexane
Cyclohexane
Benzene
Cyclohexane
n-Hexane
Benzene
Methylcyclopentane
n-Hexane
Cyclohexane
n-Heptane
Toluene
Ethanol
Methylcyclopentane
n-Hexane
Ethanol
Toluene
Cyclohexane
Ethanol
Benzene
Cyclohexane
Ethanol
Benzene
Cyclohexane
Ethanol
BenZene
Cyclohxane
Ethanol
Ben=ne
n-Heptane
Ethanol
Benzene
n-Heptane
Ethanol
Benzene
n-Heptane
Ethanol
Benzene
n-Hexane
O
[12］70･C 6.721
[13］3．9760Torr 108
[35］2.9760Torr 54
[36］4．4760Torr 76
7．6 [37］760Torr 57
50･C 6.1 [21］19
50･C 5．6 [1］19
[1］3．3300Torr 19
10．4 [1］19760Torr
[38］15．7760Torr 47
[16］6．1400Torr 50
[39］180Torr 1.155
[40］6．6760Torr 41
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Table4(Contmued)
Arith・meandey．Ref.No．of
data
pointS
Temp.or
press．
System
IAPI
(ToIT)
IAyl
(×103）
???????????????
??
???
Ethanol
Benzene
Methylcyclopentane
Isopropanol
Benzene
Cyclohexane
Methanol
Benzene
Carbontetrachloride
Methanol
Benzene
Carbontetrachloride
n-Propanol
Benzene
n-Heptane
8．6［26］760Torr 47
5.4［27］760Torr 70
1．2 [30]34.68･C6
6.1 I30l55｡C 8
8.8【41］75･C78
ー
剛
?
???、｝????
q2q400204q6q810
殉
Fig.3.ComparisonofcalculatedandexperimentalheatofmixingdatafOrthree_binary
systemsat25･C
Calculated-
Experimenal
○Ethanol(1)-cyclohexane(2)Ref[431
ACyclohexane(1)~benzene(2)Ref[44]
③Ethanol(1)-benzene(2)Ref[45]
●
●
q
／
｝、
▲空
≦、
●〃
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〃
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TableS・Calculatedresultsfbrheatofmixingdataofbinalysystemsat25｡C
RefNo.of
data
pomts
Arith・meandev.β′
|△んEI
(Cal/mol)(cal/Cc)
System
[43］
[4］
[45］
4．3
2．1
20．7
3.341
7.808
0.715
Ethanol-cyclohexane
Cyclohexanebenzene
Ethanol-ben"ne
15
29
10
datapoints・Thisrelativelylargedeviationmaybeduetothefactthatthetheorydid
notrepresentcorrectlytheexperimentaldatafbrtheethanol-benzenemixture.
ApplicationoftheProposedEqUationtoOtherAIcohol-ActiveSolventMixtures.
Thepresentapproachisappliedtomixturesofalcoholsandmoreactivesolventsthan
unsaturatedhydrocarbons・Tables6and7give,respectively,theresultsofisothermal
vapcr-liqUidequilibriumdataandheatofmixungdatafbrninebinaryalcohol-active
solventsystems.AsurveyofTable6indicatesthatcalculatedresultsareinsubstantial
Table6.Calculatedresultsfbrvapor-liquidequilibriumdataofbinaryalcohol-active
solventmixtures
No.of
data
points
Arith.meandevBasicdata
IAyllAP|6
(×103)(Torr)(cal/cの
Ref〃ぷB T
(kcal/mol)(｡C)
K4B
(T｡C)
System
???↓?????????????????????
8.581
7.399
6.913
10.750
9.248
9.807
7.857
8.618
7.480
14.206
14.477
16．129
15．644
3.863
3.263
2．972
2.803
2．638
2.432
12.212
12.677
16.419
15.741
15．385
????????????? ??????????????????
12．9
8．6
11．2
?????????
?
??
Metbanol-ethylacetate 290(25)－4･40
?? ????? ．
18．6
10．4
19．8
7．9
10．1
9．1
10．6
11．0
8．2
12．0
4．0
4．7
6．9
9．0
11．9
15．5
10．6
7.1
26.8
24.8
21．0
Ethanol-ethylaCetate 180(25)-4･40
n-Propanol-ethylacetatelOO(25)-4･40
Isopropanol-ethylacetate70(25)－4．40
Methanol-methylaCetate500(25)－4．40
Ethanol-methylacetate 300(25）－4．40
Ethanol-ethylether 75(20）－4．20
350(50）-5.00
200(50）-5.00
Methanol-acetone
Ethanol-acetone 8.0
8.5
9.748
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agreementwithexperimemaldata,althoughtheethanol-acetonesystemgivesthepoorest
agreementandiSprobablyanexampleoflowestaccuracyandfUrthermore,themagni-
tudesofthedeviationsfbrtheethanol--ethylethersystemincreasesharplywith
increasingtemperature・Table7demonstratesthatcalculatedheatofmixingdatafbr
theninesystemsdonotalwaysagreewellwithexperimentalresults・Thesamething
isfbundfbrthealcohol-unsaturatedhydrocarbonsystems[41.
Table7.Calculatedresultsfbrheatofmixingdataofbinaryalcohol-activesolventmixtures
β′
(cal/cc)
Ref.Arith.meandev
IME|
(cal/mol)
No.of
data
points
??
??、
System
????????????? ?????
3．496
8．959
10．873
13．169
0.299
1.455
6.398
7．078
8.452
0.563
2.901
10.695
8.8
24.4
23.6
31.8
14.6
16.8
18．1
29．0
31．2
11．6
22．9
31．8
?????????????????????
25
25
25
25
25
35
45
25
35
25.15
25.05
25.12
Methanol-ethylacetate
Ethanol-ethylacetate
n-Propanol-ethylacetate
Isopropanol-ethylacetate
Methanol-methylacetate
Ethanol-methylacetate
Ethanol-ethylether
Methanol-acetone
Ethanol-acetone
COnclusiOns
TheoriginalKretschmer=Wiebeequationisextendedtoaternarymixtureincluding
onealcoholandtwohydrocarbons.PredictionoftheexcessGibbsfieeeenergydata
issuccessfillfbrl8ternarysystemsinvolvedalcohol,hydrocarbonandcarbontetra-
chloridefifomonlybinaryparameters・Ternaryheatofmixingdatafbrtheethanol-
benzene-cyclohexanesystemisnotpredictedsoaccuratelyastheexcessGibbsfree
energydata・Theproposedequationseemstobeusefilltocorrelateequilibriumdata
fbrbinarymixturesofalcoholsandactivesolventssuchasestersandketones.
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